Introduction
The presence of closed canopies creates environmental conditions that are intensely inimical to the recruitment of new individuals (Fenner, 1985) .
A mechanism capable of detecting vegetation cover would prevent germination in such circumstances, preserving the seeds for a future occasion when conditions may be more favourable for establishment (Fenner, 1985; Silvertown, 1980) . It is well known that foliage modifies spectral composition of light reaching the soil surface (Taylorson & Borthwick, 1969) . Several authors have shown how changes in light quality are used by seeds of many species to detect gaps in the vegetation (Gorski, 1975; King, 1975; Fenner, 1980a; Silvertown, 1980) . Diurnal temperature fluctuations occurring in bare soil are much larger than those experienced by soil beneath a closed canopy (Thompson, Grime & Mason, 1977) . It has been suggested that those seeds which require fluctuating temperatures to germinate, possess an effective mechanism for limiting germination to gaps in the vegetation (Thompson et al., 1977; Thompson & Grime, 1983) . To our knowledge, no attempt has been made to isolate temperature effects from those caused by light quality in determining inhibition of germination under leaf canopies under field conditions. We have tested the operation and the temperature dependence of a gap detection mechanism in seeds of Sorghum halepense (L.)
Pers. Little information exists about factors and mechanisms regulating germination under field conditions of this important weed. However, it is well known that high germination percentages are only reached when seeds are incubated in alternating temperature regimes (Harrington, 1916; Tester & McCormick, 1954; Weir, 1959; Taylorson & McWorther, 1969; de Valla et al., 1980) . In this work we aimed to reproduce the effect of both the presence or removal of a canopy, manipulating soil temperature by means of either neutral shadows or artificial heating. Changes in the sensitivity of seeds to the degree of shading with time of after-ripening were also investigated.
Materials and methods
Field experiments Experiment 1. This commenced on 20 October R. L. Benech originated from rhizomes, located in Lujan, BueArnold et al. nos Aires Province, Argentina. A site with a high weed density and closed leaf canopy was chosen and three plots, 50cm width and 150cm length, were laid out. In each of these, three treatments, 50 cm X 50 cm, were arranged one beside the other. These treatments were: (a) canopy clipped down to the soil surface, (b) leaf canopy clipped to c 30cm height and (c) undisturbed-leaf canopy of c 110cm height. The plots were placed so that the largest sides were oriented east-west and all the surrounding vegetation remained undisturbed.
Canopy height and structure did not change significantly during the experimental period. Seedling emergence and soil temperature at 05 cm depth were recorded daily until 15 December 1984 when the experiment was concluded. Seeds that failed to germinate in situ were recovered by extracting the top 5 cm layer of the soil and were incubated at 20-30'C (de Valla et al., 1980) . Viability was checked using the tetrazolium chloride method (Moore, 1972) . Experiment 2. This experiment was carried out twice; in March 1985, using freshly dispersed seeds, and in September 1985, using seeds that had after-ripened during winter in the soil. For this experiment, the first 5cm of the soil of each The seeds used in these experiments were obtained by removing the top 3 cm layer of a highly infested field. The term 'freshly dispersed' refers to seeds in the soil collected from the field soon after seed shedding and 'seeds after-ripened during one winter', refers to those in the soil collected in spring before a new seed production occurred. Soon after dispersal, 90% of the seed bank of S. halepense in the top 5 cm of the soil, is composed of the newly dispersed propagules (Leguizamon, 1983; Ghersa & Eilberg, 1986; Van Esso, Bustos & Ghersa, 1987 classification analysis of variance, transforming the data by the factor x-+ 05 (Sokal & Rohlf, 1969) . Differences among means were tested for significance at P -0 05 using the Least Significance Range test (Sokal & Rohlf, 1969) . 
Results

Field experiments
The effect of vegetation cover (experiment 1).
Removal of the canopy in a densely covered area resulted in an increase in the in situ germination.
Seedling production was greater the larger the intensity of defoliation and was maximal in bare soil (Fig. 2) . Daily thermal fluctuations and maximum temperature was also increased with canopy removal (Fig. 2) .
The effect of artificial shaded (experiment 2). ( Table 1 ). This was observed both with recently shed and after-ripened (less dormant) seeds (Table  1 ). The total number of viable seeds in each treatment is considered as the sum of the emerged and the not-emerged seedlings plus the non-germinated and recovered seeds. It did not differ significantly among treatments, indicating a uniform distribution of the seeds throughout the samples subjected to each treatment (Table 1 ). The after-ripened lot had a higher fraction of seeds inducible by alternating temperatures. We define as inducible the sum of the seeds germinated in situ plus those that after recovery from the soil germinated when incubated at 20-30?C. Only the greatest degree of shading had a significant effect on the fraction of inducible seeds (Table 2a ). In contrast, the percentage of inducible seeds which produced seedlings in situ was decreased even by the less intense shade (Table 2b) . Moreover, shading had a much larger effect on the less afterripened seeds ( affected by shading (Table 3) ; the average daily maxima and the amplitude were decreased, while there was no effect on the minima. It is remarkable that although the difference in average maxima and amplitude between treatments (a) and ( could be observed when the seeds were placed below a leaf canopy without soil heating (Fig. 3) .
Removing the canopy of the unheated plots produced an increase in seedling emergence to the same value of the heated plots or the bare soil Regulation of did not produce emerged seedlings and total of viable seeds from a population of freshly dispersed (a) and after-ripened Sorghum seeds (b) in soil plots subjected to different degree of artificial shading a: bare soil; b: 50%; c: 33%; and d: 16% of halepense seed radiation reaching the soil surface. Values followed by different letters are significantly different. P 6 005. (Fig. 3) , showing that there was no large difference in seed bank between treatments.
Laboratory experiments
Seeds of the same two lots with different periods of after-ripening used in the field experiments were exposed to a range of temperature conditions. Mean thermal amplitude 17-67 10-12 8-82 7-79
Alternating temperatures resulted in a higher proportion of germinated seeds than constant 2 5 0C (Table 4 ). The more dormant population required a larger number of cycles and a regime with a higher temperature maximum and larger amplitude than the less dormant one to reach similar germination percentages ( Table 4 ). The differences between the seeds after-ripened in the soil and those recently dispersed were particularly noticeable with daily amplitudes of 100C and maxima of 250C or 300C (Tables 4 and 5 Table 2 .
Discussion
The results of this work and a previous one (de Valla et al., 1980) , show that most of the vast amount of seeds produced each season by S.
halepense plants, are dormant immediately after shedding. A sizeable fraction of those seeds in the soil will lose enough of that dormancy during the winter and can be induced to germinate in spring by a regime which include a daily temperature diferrential of at least 100c or more and a maximum of 30 0C or higher. These conditions are normally met during late spring, summer or early autumn, in the top layer of bare soils in the area infested by the population used in this study.
Seedling production in the field was severely depressed by a dense canopy and both soil temperature and seedling emergence were strongly related to canopy height (Fig. 2) , that is to the degree of soil covered by foliage.
A similar regulatory effect was observed when the soil was covered by neutral filters ( Table 2 (Table 4 and 5).
These results indicate that S. halepense seeds have a gap-sensing mechanism and suggest that the response to alternating temperatures constitutes an important part of it. This is strongly supported by the observation that raising the temperature of a canopy-covered soil to values close to those of bare soil also enhances the emergence of the seedlings to the number in the uncovered areas (Fig. 3) . The possibility that other vegetational cover-related influences, such as those of the R/FR ratio of the light reaching the soil surface (Gaskin, 1965; Kasperbauer, 1971 ) also make a contribution to the effect of canopies on the germination of this species cannot be ruled out.
However, since manipulating soil temperature by means of either neutral shadows or artificial heating, we could reproduce the effect of both the presence or removal of the canopy, we feel that the proposition that temperature responses play a major role in gap sensing by S. halepense seeds is a plausible one. Seeds of other species are known to Regulation of Gorski, 1975) and responses to alternating temSorghum peratures are widespread (Thompson et al., 1977 In agreement with previous work with this (de Valla et al., 1980) and other species (Bewley & Black, 1982) , the results of Table 4 show that as dormancy is reduced by after-ripening, the range of temperature suitable for germination becomes larger. This may imply that the gap-sensing mechanism could be operative to regulate in situ germination of less dormant seeds only at a higher degree of covering than those necessary to prevent germination of more dormant ones. This fact may not necessarily represent a drawback for the adaptative value of the gap-sensing mechanism.
Since with larger periods of permanence in the soil, the risk of seed losses by means other than germination becomes greater (Van Esso & Ghersa, 1983; Egley & Chandler 1983) , it is conceivable that after sufficient time, the probability of losses by predation or deterioration may be equal to or larger than the probability of unsuccessful establishment after germination in an unfavourable
environment.
An interesting situation arises in areas densely covered with S. halepense populations established for a number of years. In those places, if undisturbed, most of the plants are produced by sprouting of the rhizomes. The lower temperature requirements for the rhizomes buds to sprout (Satorre, Ghersa & Pataro, 1985a) and the fast growth rate of these shoots determine a large cover of the soil before temperatures are high enough for seed germination (Satorre, Pataro & Ghersa, 1985b) . Therefore, most of the seeds will remain sprouting (Satorre & Ghersa, 1985) .
